We report a multi-epoch, simultaneous 22 GHz H 2 O and 44 GHz Class I CH 3 OH maser line survey toward 180 intermediate-mass young stellar objects, including 14 Class 0, 19 Class I objects, and 147 Herbig Ae/Be stars. We detected H 2 O and CH 3 OH maser emission toward 16 (9 %) and 10 (6 %) sources with 1 new H 2 O and 6 new CH 3 OH maser sources. The detection rates of both masers rapidly decrease as the central (proto)stars evolve, which is contrary to the trends in high-mass star-forming regions. This suggests that the excitations of the two masers are closely related to the evolutionary stage of the central (proto)stars and the circumstellar environments. H 2 O maser velocities deviate on average 9 km s −1 from the ambient gas velocities whereas CH 3 OH maser velocities match quite well with the ambient gas velocities. For both maser emissions, large velocity differences (|v H 2 O − v sys | > 10 km s −1 and |v CH 3 OH − v sys | > 1 km s −1 ) are mostly confined to Class 0 objects. The formation and disappearance of H 2 O masers is frequent and their integrated intensities change by up to two orders of magnitude. In contrast, CH 3 OH maser lines usually show no significant change in intensity, shape, or velocity. This is consistent with the previous suggestion that H 2 O maser emission originates from the base of an outflow while 44 GHz Class I CH 3 OH maser emission arises from the interaction region of the outflow with the ambient gas. The isotropic maser luminosities are well correlated with the bolometric luminosities of the central objects. The fitted relations are L H 2 O = 1.71 × 10 −9 (L bol ) 0.97 and L CH 3 OH = 1.71 × 10 −10 (L bol ) 1.22 .
INTRODUCTION
Maser emission is an important signpost of star formation, especially at the early stages. Since the discovery of the first maser line, the OH emission at a frequency of 1665 MHz by Weaver et al. (1965) , many surveys have been performed toward star-forming regions at various frequencies, e.g., 1.66540 GHz and 1.66736 GHz (OH maser lines), 6.66852 GHz (Class II CH 3 OH 5 1 − 6 0 A + maser line), 22.23508 GHz (H 2 O 6 16 − 5 23 maser line), 42.82059 GHz and 43.12208 GHz (SiO v = 1, 2, J = 1 − 0 maser lines), and 44.06943 GHz (Class I CH 3 OH 7 0 − 6 1 A + maser line).
22 GHz H 2 O masers are thought to be pumped by excitation of the H 2 O rotation states in collisions with H 2 molecules (Elitzur et al. 1989) . Previous surveys of H 2 O masers have shown that this maser is frequently observed toward young stellar objects (YSOs) over a wide range of masses (Genzel & Downes 1977; Rodriguez et al. 1980) and exhibits a wide range of relative velocities with respect to the parental dense cores (Felli et al. 1992; Furuya et al. 2005; Breen et al. 2010; . High resolution studies of the individual YSOs have revealed that H 2 O masers are located very close ( 1000 AU) to the central (proto)stars (Claussen et al. 1998; Martí et al. 1999; Seth et al. 2002; Furuya et al. 2005) .
CH 3 OH masers are the most recent maser species to be intensively studied. There are numerous transitions that can be divided into two classes, I and II, according to the classification of Menten (1991) . Class I CH 3 OH maser transitions include the 4 −1 − 3 0 E, 7 0 − 6 1 A + , 5 −1 − 4 0 E, and 8 0 − 7 1 A + lines at 36, 44, 84, and 95 GHz, while Class II CH 3 OH maser transitions include the 5 1 − 6 0 A + , 2 0 − 3 −1 E, and J 0 − J −1 E lines at 6.7, 12, and 157 GHz. Even though both classes are commonly observed in (high-mass) star-forming regions, their pumping mechanisms are known to be different. Using theoretical models, Cragg et al. (1992) suggested that Class I CH 3 OH masers result from collisional excitation, while class II CH 3 OH masers appear when there is a source of continuum radiation.
The CH 3 OH maser at 44 GHz is the most common and strongest Class I maser. Nevertheless, only ∼ 200 sources have been detected until now (Val'tts et al. 2010) . 44 GHz Class I CH 3 OH masers are thought to be associated mainly with high-mass star formation, yet interferometric observations found that they are usually offset by ∼ 0.1−1 pc from other signposts of star formation, such as ultracompact HII (UCHII) regions, infrared sources, and H 2 O masers (Kurtz et al. 2004; Cyganowski et al. 2009 ). The observed 44 GHz CH 3 OH maser velocities are different from the ambient molecular gas velocities by 10 km s −1 (Bachiller et al. 1990; Fontani et al. 2010) , which is much smaller compared to H 2 O maser relative velocities.
Intermediate-mass stars have masses of 2−10 M ⊙ . These lower and upper boundaries are of importance. First, pre-main sequence (PMS) stars with masses > 2 M ⊙ are expected to follow fully radiative tracks once the quasi-static contraction has ended (Waters & Waelkens 1998) . This implies that these stars could evolve in different ways from lower-mass stars. Second, stars more massive than ∼ 10 M ⊙ spend their whole PMS stage as obscured objects (Waters & Waelkens 1998) , which means that they are not visible until they reach the main sequence. Intermediate-mass YSOs (IMYSOs) share many characteristics with their high-mass counterparts, but many of them are located far closer to the Sun and are less deeply embedded (Alonso-Albi et al. 2009 ). Thus, it would be helpful to study IMYSOs to understand high-mass star formation.
Despite the importance of studying IMYSOs, no systematic maser line surveys toward them have been undertaken so far. Maser observations toward IMYSOs were usually made as a part of surveys targeting low-mass YSOs (e.g., Claussen et al. 1996; Furuya et al. 2003) . Otherwise, maser surveys have been limited to Herbig Ae/Be (HAeBe) stars (e.g., Palla & Prusti 1993) , which are recognized as intermediate-mass PMS stars (see Thé et al. 1994 and references therein): have spectral types of A or earlier, with emission lines; lie in an obscured region; and illuminate fairly bright nebulosity in their immediate vicinity.
In this study, we present a multi-epoch, simultaneous H 2 O and 44 GHz Class I CH 3 OH maser line survey toward 180 IMYSOs in various evolutionary stages. This paper is organized as follows. The source selection and the observations are described in Section 2 and 3, respectively. We present the results with some comments on the individual sources in Section 4 and discuss the observational results in Section 5. We summarize the main results in Section 6.
SOURCE SELECTION
To define our sample of IMYSOs, we collected sources from published studies satisfying one of the following two criteria: (1) protostellar or PMS objects with bolometric luminosities of 40 L ⊙ < L bol 1000 L ⊙ , which are thought to be the precursors of intermediate-mass stars; or (2) known or candidate HAeBe stars. All selected sources have declinations greater than −30 • .
We first selected objects that satisfy criterion (1): 14 Class I objects from Saraceno et al. (1996) ; 4 Class 0, 3 Class 0/I, 5 Class I, 1 HAeBe, and 9 unclassified sources from Furuya et al. (2003) ; 4 Class 0, 5 Class 0/I, 4 Class I, and 1 unclassified source from Froebrich (2005) ; 7 Class 0 and 2 Class I objects from Alonso-Albi et al. (2010) . To clarify the evolutionary stages of the collected unclassified objects, we consulted additional classification works, which are noted in Column 5 of Table 1 . Considering the overlapped sources from the references mentioned above, we produced a sample containing 14 Class 0, 19 Class I, and 2 HAeBe objects from the first criterion.
We then collected objects satisfying criterion (2). They are primarily selected from catalogs published by Thé et al. (1994) and Vieira et al. (2003) . Thé et al. (1994) presented 108 Be and Ae stars, which were historically recognized as true members or potential candidates of the HAeBe stellar group, and Vieira et al. (2003) suggested 131 HAeBe stars and candidates. Of members in the two catalogs, 86 sources in Thé et al. (1994) and 76 sources in Vieira et al. (2003) are north of −30 • with 22 sources in common. Our sample also contains five other HAeBe stars: BD+24 • 676, BD+41 • 3731, V517 Cyg, and V1057 Cyg from Palla & Prusti (1993) , and V1318 CygS from Palla et al. (1995) . Thus, the complete sample satisfying the second criterion would be 145 HAeBe stars.
In summary, our sample consists of 180 IMYSOs: 14 Class 0, 19 Class I, and 147 HAeBe stars. The objects in our sample are listed in Table 1 .
OBSERVATIONS
We carried out a multi-epoch, simultaneous survey of H 2 O 6 16 − 5 23 (22.23508 GHz) and class I CH 3 OH 7 0 − 6 1 A + (44.06943 GHz) maser lines toward 180 IMYSOs. The observations were performed using the Korean Very Long Baseline Interferometry Network (KVN) 21 m radio telescope at the Yonsei station over three different periods. The first observations were conducted toward all of the 180 IMYSO samples during 21 days from 2010 January to May. On 2010 October 20 and December 2, the second and third epochs were observed toward the 26 objects that showed maser emission in the first epoch.
The telescope is equipped with a multi-frequency receiving system, which makes it possible to observe at both frequencies simultaneously (Han et al. 2008) . The 86 GHz and 129 GHz receivers will be added to the receiving system in 2011 for simultaneous observations in four different frequency bands. We used 4096 channel Digital Spectrometers, each with 32 MHz bandwidth. Table 2 presents a summary of the observations. The pointing and focus checks were made every 2 hr using nearby known strong H 2 O maser sources. The pointing accuracy was maintained to better than 5 ′′ during the observations. The data were calibrated by the standard chopper wheel method and the line intensity was obtained on the T * A scale. The conversion factors between T * A and the flux density are 11.1 Jy K −1 at 22 GHz and 11.6 Jy K −1 at 44 GHz.
All the observations were made using position switching mode with total (ON+OFF) integration time of 30 minutes, which typically yields about 0.5 Jy rms noise levels for both maser transitions at 0.21 km s −1 velocity resolution. Since the KVN telescopes are of the shaped Cassegrain type, they have a smaller full width at half-maximum (FWHM) primary beam and much higher (∼14 dB) first sidelobe levels than conventional Cassegrain antennas with the same size primary reflectors (Kim et al. 2011; Lee et al. 2011, in preparation) . The first sidelobes are separated by about 1.5 times the FWHM from the primary beam center. To determine whether the detected maser emission is contaminated by nearby bright maser sources, we mapped an area of 1.5 FWHM × 1.5 FWHM around each source with detectable maser emission using half beam spacing. All data were reduced with the CLASS software.
RESULTS

Overall Results
Of the 180 IMYSOs observed, we detected H 2 O and CH 3 OH maser emission toward 20 and 12 sources, respectively (Figures 1 and 2 ). All the detected maser lines are limited to signals stronger than the 3σ rms noise level. However, several objects are located close enough to one another that they fall within a single beam or its sidelobes. Further analysis shows that four H 2 O and two CH 3 OH masers do not arise from the target IMYSOs. Those sources will be discussed in detail below. In total, 16 sources show H 2 O maser emission and 10 sources show CH 3 OH maser emission. Six objects emit both H 2 O and CH 3 OH maser emission. Consequently, the detection rates of H 2 O masers and CH 3 OH masers are 9 % (16/180) and 6 % (10/180), respectively. One intriguing source is IRAS 20050+2720 MMS1, which shows extremely blueshifted (∼ −90 km s −1 ) H 2 O maser line emission with respect to the molecular gas. Furuya et al. (2003) suggested that this emission might be related to an extremely high-velocity CO outflow emanating from the central protostar (Bachiller et al. 1995) . The observed properties of all detected H 2 O and CH 3 OH maser lines are presented in Tables 3 and 4 : the source name in Column 1, the observing date in Column 2, the Gaussian-fitted line flux, peak velocity, and line width (FWHM) in Columns 3 -5, the integrated line flux, peak intensity, and peak velocity in Columns 6 -8, and the equivalent width ( F ν dv/F peak ) in Column 9.
Table 5 exhibits the detection rates of H 2 O and CH 3 OH masers for the sources in different evolutionary stages. The detection rates of both masers decrease substantially as the central (proto)stars evolve. The detection rate of H 2 O masers is 50 % for Class 0 objects, while the rates are 21 % and 3 % for Class I objects and HAeBe stars, respectively. This trend is also seen in the case of CH 3 OH masers. The detection rate of CH 3 OH masers toward Class 0 objects is 36 %, which is much higher than those of Class I (21 %) and HAeBe (1 %) sources.
It should be noted that the detection rates of H 2 O and 44 GHz CH 3 OH masers for HAeBe stars and candidates in our survey might be lower limits for bona fide intermediate-mass PMS stars. Although the classification criteria introduced in Section 1 were intended to identify IMYSOs, some of the HAeBe candidates in our sample may not be in the PMS phase. The classification criteria allow contamination with objects such as post-asymptotic giant branch stars and protoplanetary nebulae, which could exhibit similar observational features (Thé et al. 1994; Sartori et al. 2010; Vieira et al. 2011) . For example, Sartori et al. (2010) tested the young nature of 93 HAeBe candidates selected from the sample of Vieira et al. (2003) , and concluded that at least 71 (76%) sources are PMS stars but 7 sources are evolved stars. Our sample contains 22 (15%) sources with ambiguity in their classification. They are indicated with question marks in Column 4 of (Schwartz & Buhl 1975) , IRAS 06571−0441 (Han et al. 1998 ), V1318 CygS , PV Cep (Torrelles et al. 1986 ), V1057 Cyg (Rodriguez et al. 1987) , and V645 Cyg (Lada et al. 1981) . Table 6 lists the eight with the detected line parameters. We observed all of them but did not detect any appreciable (>1 Jy) H 2 O and CH 3 OH maser emission from four of them: LkHα 198, HD 250550, PV Cep, and V1057 Cyg.
Notes on Some Individual Sources
As mentioned in the previous section, some sources are located within a single beam or first sidelobe so that it is not straightforward to interpret the observational results. In order to determine genuine maser-emitting source(s) in such cases, we observed closely located objects successively and examined the detected maser lines of the individual sources. In the process, we assumed that the main beam of the telescope is Gaussian and used the FWHMs listed in Table 2 , 130 ′′ at 22 GHz and 65 ′′ at 44 GHz.
IRAS 05338−0647 and HH147 MMS
IRAS 05338−0647 coincides with the ridge that contains HH 1−2 MMS 2−3 while HH147 MMS (≡ IRAS 05339−0646) corresponds to a YSO, which drives the HH147 bipolar outflow (Strom et al. 1985; Eislöfell et al. 1994; Chini et al. 2001 ). These two objects are 121 ′′ apart from each other. Figure 3 displays the single H 2 O maser lines detected toward these sources over three epochs. The two maser lines have practically the same velocity and line profile in each epoch. This strongly suggests that they are not distinct maser sources but rather are a single maser. However, it should be noted that the observed peak intensity ratio of HH147 MMS to IRAS 05338−0647 changes considerably over the observations, 25% in 2010 May, 12% in October, and 17% in December. If the maser is variable but stays at the same position, the peak intensities of the two objects can vary but the ratio should be constant. These large intensity ratio variations can be explained only by 10 ′′ pointing offsets even though off-center pointing is considered. It is also very unlikely that the large ratio variations were caused by movement of a single maser, because the typical proper motion of a maser observed in other star-forming regions is only ∼ 0. ′′ 01 yr −1 (e.g., Hirota et al. 2007) . Therefore, it is more plausible that the maser emission in the latter epoch was emitted from new maser source formed after the disappearance of the maser source in the former epoch. Taking the intensity ratios into account, the masers seem to be located between the two objects, much closer to IRAS 05338−0647. This is consistent with the result of the grid mapping presented in Figure 4 , which was made in the first epoch to investigate the existence of a nearby strong maser source (see Section 3).
V1685 Cyg, V1686 Cyg, and V1318 CygS
BD+40
• is an active star-forming region, which contains at least 33 optical and NIR sources in a ∼ 1 ′ × 2 ′ field, including 3 HAeBe stars: V1685 Cyg (≡ BD+40 • 4124), V1686 Cyg (≡ LkHα 224), and V1318 CygS (≡ LkHα 225S) (Hillenbrand et al. 1995) . Using the Medicina 32 m telescope, Palla & Prusti (1993) first detected H 2 O maser emission towards BD+40 • and claimed the maser emission stems from V1685 Cyg. However, Palla et al. (1995) observed this region in the H 2 O maser line at ∼ 0."1 spatial resolution using the Very Large Array (VLA), and found that the maser is coincident with V1318 CygS rather than V1685 Cyg. Marvel (2005) also detected H 2 O maser emission toward V1318 CygS, in the v LSR range between −80 km s −1 and +20 km s −1 , using the VLA and the Very Long Baseline Array.
We observed all three HAeBe stars on the same days and detected both H 2 O and CH 3 OH maser lines toward all of them ( Figure 5 ). Assuming that the maser emission emanates from V1318 CygS, we estimated the expected line intensities at V1685 Cyg and V1686 Cyg, which are 36 ′′ and 14 ′′ from V1318 CygS on the sky, respectively. If the pointing accuracy is 5 ′′ , ∼ 81 % ± 5 % at 22 GHz and ∼ 43 % ± 10 % at 44 GHz of the original signal would be detected toward V1685 Cyg. In the case of V1686 Cyg, the values are ∼ 97 % ± 2 % lower at 22 GHz and ∼ 88 % ± 8 % at 44 GHz. Table 7 displays the observed and expected intensities. The observed intensities of the individual H 2 O and CH 3 OH maser lines are in very good agreement with the expected intensities for all three observations. This strongly suggests that all the CH 3 OH maser lines detected toward these three HAeBe stars originate from V1318 CygS. Interferometric observations will be required to clarify this issue.
NGC 7129 FIRS2, V373 Cep, and V361 Cep
NGC 7129 is a reflection nebula illuminated by several stars including one Class 0 object, NGC 7129 FIRS2 (Eiora et al. 1998) , and two HAeBe stars, V361 Cep and V373 Cep (≡ LkHα 234). Cesarsky et al. (1978) detected H 2 O maser emission toward NGC 7129 FIRS2 and V373 Cep. However, we detected H 2 O maser emission toward V361 Cep as well as the other two sources. The separation angles of V361 Cep from NGC 7129 FIRS2 and V373 Cep are 201 ′′ and 102 ′′ , respectively. Since the KVN telescope has the first sidelobe with an attenuation of 14 dB at ∼1.5 times FWHM away from the main beam center, as noted earlier, ∼ 3.9 % ± 0.2 % of the H 2 O maser emission from NGC 7129 FIRS2 and ∼ 18 % ± 3 % of the H 2 O maser emission from V373 Cep would be detected toward V361 Cep. Szymczak et al. (2005) also detected 52% in a sample of 79 Class II CH 3 OH maser sources at 6.7 GHz, which may trace an earlier stage of high-mass star formation than UCHII regions. Both surveys were made with the Effelsberg 100 m telescope. In the case of UCHII regions, whose ionizing stars have already reached the main sequence, the detection rate appears to be much higher. Churchwell et al. (1990) detected H 2 O maser emission in 67 % of 84 UCHII regions with a similar flux limit (mean rms ∼ 0.2 Jy at a velocity resolution of ∼ 0.2 km s −1 ) to those of Sridharan et al. (2002) and Szymczak et al. (2005) , using the same telescope. This is contrary to the results of the low-and intermediate-mass regime where the detection rates rapidly decrease after the central stars reach the PMS stage. We detected H 2 O maser emission in only 3 % of 147 HAeBe stars (intermediate-mass PMS stars) and Furuya et al. (2001) detected none in a sample of 9 Class II sources (low-mass PMS stars).
A similar trend is seen in 44 GHz Class I CH 3 OH masers. Fontani et al. (2010) recently made a survey of this maser line toward 88 high-mass protostellar candidates and obtained a detection rate of 31% at a similar detection limit to this study. The sources in their sample are divided into two groups: low and high. The sources in the high group may be at later evolutionary stages than those in the low group. The high group has a detection rate about three times higher than the low group: 48% versus 17%. Haschick et al. (1990) surveyed 50 star-forming regions, the vast majority of which are ultracompact and compact HII regions. They detected maser emission in 50% of them with one order of magnitude higher flux limit than this study. In the high-mass regime, therefore, the detection rate of 44 GHz Class I CH 3 OH maser emission also increases significantly as the central (proto)stars evolve (see Voronkov et al. 2010b for 9.9 GHz Class I CH 3 OH masers). This is in contrast with the HAeBe stars, for which we find a detection rate of 1 % for CH 3 OH masers.
Consequently, taking into account that UCHII regions are still deeply embedded in dense molecular cores, whereas low-and intermediate-mass PMS stars have already emerged as visible objects, the occurrence of both masers seems to be closely related to the circumstellar environments as well as the evolutionary stage of the central objects (see Section 4.1).
Relative velocities of masers with respect to the ambient gas
While the details are still poorly understood, both H 2 O and Class I CH 3 OH masers are thought to be collisionally pumped (Elitzur et al. 1989; Cragg et al. 1992) . The presence of shocks is a necessary condition to enhance the abundances of H 2 O and CH 3 OH molecules, favoring the formation of collisionally pumped masers. One plausible mechanism for inducing interstellar shocks is jets and outflows from YSOs. In fact, H 2 O and Class I CH 3 OH masers were found to be associated with jets and/or outflows in many YSOs (Felli et al. 1992; Kurtz et al. 2004; Cyganowski et al. 2009 ), although class I CH 3 OH maser emission can be related to expanding HII regions (Voronkov et al. 2010b) . Figure 7 displays the relative velocities of both masers with respect to the natal dense molecular cores against the bolometric luminosities of the central (proto)stars, L bol . Here the peak velocities (v peak ) of Tables 3 and 4 are used. The molecular gas velocities are collected from the literature and are presented in Table 9 with the references. In Figure 7 (a), the velocity difference between H 2 O masers and the associated molecular gas has an average of 9.3 km s −1 and a median of 6.5 km s −1 . While these values are much smaller than the typical shock velocity (∼ 100 km s −1 ) suggested by theoretical models (Elitzur et al. 1989) , they are similar to the observed velocities of molecular outflows, which range from a few km s −1 to about 20 km s −1 (e.g., Kim & Kurtz 2006) , as well as the velocity differences obtained by the previous H 2 O maser surveys, ∼ 5−10 km s −1 (Churchwell et al. 1990; Palla et al. 1991; Kurtz & Hofner 2005; Urquhart et al. 2009 ). In addition, large relative velocities (> 10 km s −1 ) are mostly confined to objects in the earliest, Class 0, evolutionary stage. This is probably because outflows are strongest during the Class 0 stage and are weakened as the central (proto)stars evolve (Bontemps et al. 1996; Arce & Sargent 2006) . On the other hand, CH 3 OH masers usually show much smaller relative velocities than H 2 O masers. In Figure 7 (b), their relative velocities are clustered around 0 km s −1 and do not deviate more than 10 km s −1 (see also Bachiller et al. 1990; Fontani et al. 2010) . Furthermore, the sources with relative velocities > 1 km s −1 are all Class 0 objects. This might also be accounted for with the strength of outflows, as for H 2 O masers. However, it is worth noting that there is at least one example of a Class I CH 3 OH maser that shows a significant velocity offset (∼ 30 km s −1 ) from the associated molecular gas (?).
Previous high-resolution studies have shown that H 2 O masers are usually located closer to the central (proto)stars than Class I CH 3 OH masers (e.g., Kurtz et al. 2004) . It is thus widely believed that H 2 O maser emission originates from the inner parts of outflows while Class I CH 3 OH maser emission comes from the interacting interface of outflows with the ambient gas. This view is supported by theoretical studies showing that H 2 O masers form in warm (∼ 500 K), very dense (∼ 10 9 cm −3 ) gas behind high-velocity shocks while Class I CH 3 OH masers can arise in much less dense (∼ 10 5 cm −3 ) postshock gas at considerably lower (∼ 100 K) temperatures (Elitzur et al. 1989; Cragg et al. 1992) . Moreover, the CH 3 OH molecule can survive sputtering or desorption of grain mantles only at low (< 10 km s −1 ) shock velocities (Garay et al. 2002) . Our study cannot distinguish different spatial distributions of H 2 O and CH 3 OH masers owing to low angular resolu-tion. Nevertheless, our spectroscopic results indicate that the emitting regions of the two masers are different. Our results support the previous suggestions that H 2 O maser emission originates from the base of an outflow whereas Class I CH 3 OH maser emission arises from the interaction region of the outflow with the ambient gas. Figure 7 also shows that no correlation exists between the relative velocities of either maser and the bolometric luminosities of the central objects.
Variability of masers
It is well known that the intensity and shape of H 2 O maser line emission can vary considerably on timescales of weeks to years (Tofani et al. 1995; Claussen et al. 1996; Furuya et al. 2003; Brand et al. 2003; Breen et al. 2010 ). Although our observations are confined to three epochs within a year, Figure 1 shows notable changes in H 2 O maser line intensity and velocity. In particular, the integrated line intensity of Serpens FIRS1 (v LSR ≃ +23 km s −1 ) decreased by a factor of 70 in seven months, and that of NGC 7129 FIRS2 (v LSR ≃ −8 km s −1 ) increased by a factor of 30 in five months. Moreover, the appearance of new maser lines (CB 3, Serpens FIRS1, IRAS 20050+2720 MMS1, and S106 FIR) and disappearance of others (IRAS 00338+6312, IRAS 05375−0731, IRAS 06571−0441, IRAS 20050+2720 MMS1, and IRAS 23037+6213) is further evidence of variability.
Despite the short lifetime of the H 2 O maser lines and the blending of several velocity components, we could find line-of-sight velocity drifts of H 2 O maser lines in half of the 16 maser-detected sources: CB 3, IRAS 00338+6312, HH 165, IRAS 20050+2720 MMS1, V1318 CygS, V645 Cyg, IRAS 21391+5802, and NGC 7129 FIRS2. The velocity gradients of these sources except one are 0.5 − 2.2 km s −1 yr −1 , which are similar to other published results, e.g., 1.5 km s −1 yr −1 (Hunter et al. 1994 ), 1.2 km s −1 yr −1 (Tofani et al. 1995) , and < 1.8 km s −1 yr −1 (Brand et al. 2003) . The exception is IRAS 20050+2720 MMS1, which shows an extremely large velocity gradient of 6.0 km s −1 yr −1 . Because of the coarse sampling and the low spatial resolution of our observations, however, we cannot exclude the possibility that the velocity variation was caused by different maser features, i.e., the disappearance of one maser feature and the appearance of another at a similar position.
On the other hand, the variability of the 44 GHz CH 3 OH maser has not been well established. By comparing their observational results with the published data, Kurtz et al. (2004) could not find CH 3 OH maser variability except for two objects in their sample. Kalenskii et al. (2010) presented observational results of three low-mass YSOs at three epochs with two-year intervals. Their spectra do not reveal any significant variability. Our results exhibit only small variation in the CH 3 OH maser line intensity, shape, and velocity over a one-year interval (Figure 2 ). The integrated intensities are changed by 50 % except for IRAS 05338-0624 and IRAS 23011+6126, which have poor signal-to-noise ratios. Tofani et al. (1995) found from the H 2 O maser line observations of 22 YSOs with the VLA and Medicina 32 m radio telescopes that variability of the maser emission tends to be more pronounced for maser spots closer to the central star and for those with larger relative velocity with respect to the molecular gas. Thus, these different variability behaviors of H 2 O and 44 GHz CH 3 OH masers may also be connected with different emitting environments (see Section 5.2).
The relationship of maser luminosity with bolometric luminosity
The isotropic maser luminosity can be calculated from the observed line integral using the following equations:
(1) and
Here d is the distance to the source, η a is the antenna efficiency at the observed frequency ν, and A p is the geometric area of the antenna aperture plane. Table 9 presents the derived isotropic maser luminosities using the distances of the central objects presented in Table 1 . For sources with multiple maser lines, the maser luminosity is calculated as the sum of all the individual lines.
There is a good correlation between the two. A linear least-squares fit to our observed data points results in Figure 8(c) shows the relation. A linear fit to the data points yields
For comparison, we plot 20 H 2 O maser data points of low-mass (L bol < 40 L ⊙ ) YSOs and 38 H 2 O and 30 CH 3 OH maser data points of UCHII regions together with our data in Figure 9 (Furuya et al. 2003; Kim et al. 2011, in preparation) . The data of UCHII regions were obtained with the same telescope as in this survey. One can clearly see that the luminosities of both masers are well correlated with the bolometric luminosity. The fitted relations are L H 2 O = 4.10 × 10 −9 (L bol ) 0.84 (ρ=0.88) and L CH 3 OH = 2.89 × 10 −9 (L bol ) 0.73 (ρ=0.80), which are shown by the solid lines in Figures 9(a) and ( 
Several previous studies of H 2 O masers in Galactic star-forming regions have produced similar relations of L H 2 O with L bol (Wouterloot & Walmsley 1986; Felli et al. 1992; Brand et al. 2003; Furuya et al. 2003) . Our slope agrees well with the previous values, 0.8−1.0. For a given evolutionary stage, therefore, YSOs with higher bolometric luminosities are expected to have higher H 2 O maser luminosities. However, we are unaware of any study examining the L bol -L CH 3 OH and L H 2 O -L CH 3 OH relations.
SUMMARY
We have carried out a multi-epoch, simultaneous 22 GHz H 2 O and 44 GHz Class I CH 3 OH maser line survey toward 180 IMYSOs. The main results are summarized as follows.
1. We detected H 2 O masers toward 16 objects and CH 3 OH masers toward 10 objects. One new H 2 O maser source (HH 165) and six new CH 3 OH maser sources (CB 3, IRAS 00338+6312, OMC3 MMS9, IRAS 05338−0624, V1318 CygS, and IRAS 23011+6126) were found in our survey.
2. The overall detection rates of H 2 O masers and CH 3 OH masers are 9 % and 6 %, respectively. The rates rapidly decrease as the central (proto)stars evolve. The detection rates of H 2 O masers are 50 %, 21 % and, 3 % for Class 0, Class I, and HAeBe objects, respectively. Those of CH 3 OH masers for Class 0, Class I, and HAeBe objects are 36 %, 21 %, and 1 %. In contrast, the detection rates of both masers in high-mass star-forming regions significantly increase as the central objects evolve from the protostellar to the main-sequence stage. These results indicate that the occurrence of the two masers are closely related both to the evolutionary stage of the central (proto)stars and to the circumstellar environments.
3. The relative velocities of H 2 O masers with respect to the ambient molecular gas are 9.3 km s −1 on average, with a median difference of 6.5 km s −1 , whereas those of CH 3 OH masers are concentrated around 0 km s −1 . No CH 3 OH maser velocity deviates more than 10 km s −1 from the systemic velocity. Large relative velocities are mainly shown in the Class 0 objects: |v H 2 O − v sys | > 10 km s −1 and |v CH 3 OH − v sys | > 1 km s −1 . This is consistent with previous suggestions that H 2 O masers originate from the inner parts of outflows while Class I CH 3 OH masers arise from the interacting interface of outflows with the ambient dense gas.
4. The intensities and shapes of the observed H 2 O maser lines were quite variable. Half of the maser-detected sources show velocity drifts. The integrated line intensities varied by up to two orders of magnitude. In contrast, the observed CH 3 OH lines do not reveal any significant variability in intensity, shape, or velocity. The line integrals were maintained within ∼ 50 % over the observations. These different variability behaviors of the two masers may be connected with different emitting environments.
5. The isotropic luminosities of both masers are well correlated with the bolometric luminosities of the central objects. The linear fits result in L H 2 O = 1.71 × 10 −9 (L bol ) 0.97 and L CH 3 OH = 1.71 × 10 −10 (L bol ) 1.22 when only IMYSO data in this survey were considered, while those yield L H 2 O = 4.10 × 10 −9 (L bol ) 0.84 and L CH 3 OH = 2.89 × 10 −9 (L bol ) 0.73 , after the data points of low-and high-mass regimes are added.
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